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FLEXIBLE CONDUCTORS CONNECTED BETWEEN TWO PARTS OF A PORTABLE ELECTRONIC 

DEVICE 

TECHNICAL FIELD OF THE INVENTION 

The present Invention relates to the field of portable electronic devices and more 
particularly to the electrical Interconnection between two parts of the device rotatable 
round each other as well as to the provision of image captioning units and displays on such 
rotatable devices. 

DESCRIPTION OF RELATED ART 



It Is within the field of portable electronic devices becoming more and more common to 
prov,de the device with electrical circuits in two parts rotatably coupled to each other, in 
15 order to keep the device small while at the same time allowing It to be doubled in size 
when in use. Within the field of cellular phones there are a number of phones existing 
often being called clamshell phones, where this term Is describing of the way the phones 
are opened. In some of these devices one half or the lid of the device might Include a 
display, while the other or main part Includes a keypad for entering data and phone 
20 numbers. In oraer to electncally connect the two halves to each other, there is provided a 
flex film with connecting leads. The flex film is here in one known example provided from 
the middle of one half to the middle of a second half, with the flex film being provided in a 
round loop within the hinge, so that the film cannot be seen. One phone model having this 
type of structure Is the model P2102 v Foma sold by NTT DoCoMo in Japan. 

Another device having a flex film is shown in US 6,307,751. This document describes a 
foldable portable computer having a display in one foldable part and a CPU in another 
foldable part. Rex film is provided for electrical contact between different parts of the 
computer in the Interior of the device and within the hinge. 
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It is often desirable to provide a portable electronic device In which the parts can be 
rotated with approximately 360 degrees In relation to each other. I.e. so that both the 
inner and outer sides of the two parts of the device can be provided against each other for 
easier holding In a hand of the user. This is not possible to provide with the flex film 
35 solution in the phone model P2102V Foma. When done with the solution in US 6,307,75! 
there would be considerable stress to the flex film. 

US 4,878,293 describes a calculator having a dam shell type of construction, where a first 
part can be rotated by close to 360 degrees In relation to a second part. The device has a 
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hinge provided along most of the length of two long sides of the two parts and flexible 
conductors interconnecting the two parts am provided from the intenor of one pan: to the 
interior of the other part via the interior of the hinge. The conductors are here provided 
along most the length of the hinge and when one part of the calculator is rotated in 
relation to the other, the conductors are subject to torsional stress because of the 
rotational movement. This Is no real problem in the described device because the 
calculator has a long side where the hinge is provided. This solution Is however not very 
usable If the hinge Is short or when the side of the hinge is short, because the torsional 
stress might get too big with the breaking of the flex film as a possible result. 

There is thus a need for providing an alternative way of providing electrical contact 
between two parts of a portable electronic device that can be rotated by approximately 
360 degrees and that reduces the stress on the electrical connection. 

IS SUMMARY OF THE INVENTION 

The present invention is therefore directed towards solving the problem of providing an 
alternative way to provide an electrical connection between two parts of a portable 
electronic device rotatable in relation to each other, that reduces the stress on the 
20 electrical connection and that occupies little space in the portable communication device. 

One object of the present invention Is thus directed towards providing a portable electronic 
device providing electrical connection between two parts that are rotatable in relation to 
each other, that limits the stress especially at large rotation angles and where the 
25 electrical connectoon occupies little space in the device. 

According to a first aspect of the present Invention, these objects are achieved by a 
portable electronic device comprising: 

a first part Including electrical circuits and having an exterior side, an Interior 
30 side, and top and bottom sides, 

a second part also Including electrical circuits and also having an exterior side, 
an Interior side and top and bottom sides, 

at least one hinge connecting the bottom sides of the first and second parts to 
each other and allowing rotation of one part In relation to the other, and 
.35 at least one first set of flexible electrical conductors connected to the first part 

at the exterior side adjacent the bottom side thereof and to the second part at 
the Interior side adjacent the bottom side thereof. 
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A second aspect of the present invention includes the features of the first aspect, wherein 
the hinge allows rotation of one part with approximately 360 degrees in relation to the 
other part. 

5 A third aspect of the present invention Includes the features of the first aspect, wherein the 
first set of electrical conductors stretches round the bottom side of the first part when the 
device Is folded. 

A fourth aspect of the present Invention includes the features of the third aspect, wherein 
10 the first set of flexible electrical conductors stretches round the bottom side of the second 
part when a part is rotated with approximately 360 degrees in relation to the other part 

A fifth aspect of the present invention includes the features of the first aspect, wherein the 
set of conductors are essentially provided at nght angles to both the bottom sides. 
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Another object of the present Invention Is to provide a set of flexible electrical conductors, 
which is easier to replace if being faulty. 

This object is achieved by a sixth aspect of the present invention Including the features of 
20 the first aspect, wherein the first set of flexible electrical conductors is separate from the 
hinge structure of the device. 

Another object of the present Invention Is to provide electrical connection between the two 
parts, which makes the use of a gear unnecessary for stabilizing rotation. 
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This object Is achieved by a seventh aspect of the present invention Including the features 
of the first aspect, further including a second set of flexible electrical conductors connected 
to the second part at the exterior side adjacent the bottom side thereof and to the first 
part at the interior side adjacent the bottom side thereof. 

An eighth aspect of the present invention Includes the features of the seventh aspect, 
wherein the second set of flexible electncal conductors stretch round the bottom slde'of 
the second part when the device Is folded. 

35 A ninth aspect of the present Invention Includes the features of the first aspect, wherein 
both the bottom sides have a rounded shape. 
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A tenth aspect of the present Invention includes the features of the first asr^t, 

both the bottom sides are provided with at least one groove for receiving a set of flexible" 

electrical conductors. 

5 An eleventh aspect of the present Invention includes the features of the first aspect 
wherein one of the parts is provided with gears at its bottom side and the other part is 
provided with gaps, with which the gears mesh. 

A twelfth aspect of the present Invention Includes the features of the first aspect, wherein 
10 the at least one hinge is provided In the form of a plate comprising two sections each 
defining an axis of rotation displaced from the other In the plane of the plate and each 
section has a protrusion on both sides In the m.ddle of an area defining the axis. 

A thirteenth aspect of the present invention includes the features of the twelfth aspect 
15 wherein each part is provided with a sl.tfor receiving a section of the hinge and each slit Is 
provided with cavities on both sides within the Interior of a part for receiving the 
protrusions of said section for securing the hinge in said part. 

A fourteenth aspect of the present Invention Includes the features of the first aspecc 
20 wherein a set of flexible electrical conductors is provided in the form of a flex film. 

A fifteenth aspect of the present Invention includes the features of the first aspect, wherein 
a set of flexible electrical conductors .s provided as a cable comprising a number of wires. 

25 A sixteenth aspect of the present Invention Includes the features of the first aspect 
wherein the first part Includes an Image captioning unit having a lens on the interior side 
and the second part Includes a display provided on the Interior side. • 

A seventeenth aspect of the present Invention Includes the features of the first aspect, 
30 wherein the portable electronic device is a cellular phone. 

Another object of the present Invention is to provide a portable electronic device, which 
allows an enhanced use of display and Image captioning unit provided in the device, when 
one part of the device can be rotated with approximately 360 degrees In relation to the 
3S other part. 

According to an eighteenth aspect of the present invention this object Is achieved by a 
portable electronic device comprising; 
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a first part including electrical circuits and having an exterior side, an Interior 
side, and top and bottom sides, 

a second part also including electrical circuits and also having an exterior side, 
an Interior side and top and bottom sides, 
5 at least one hinge connecting the bottom sides of the first and second parts to 

each other and allowing rotation of one part In relation to the other, 
at least one first set of flexible electrical conductors connected between the firet 
part and the second part for providing electrical connection between electrical 
circuits of the first and second parts, and 
10 wherein the first part comprises an Image captioning unit having a lens on the 

Interior side and the second part comprises a display provided on the interior 
side. 

The present Invention has, many advantages, one being that the connection of the set of 
15 flexible connectors between the two parts gives an electrical connection on which applied 
stress is limited- The connection of a set of flexible electrical conductors is most 
advantageous when the two halves are rotated by approximately 360 degrees in relation 
to each other, although it is in no way required to rotate this much. Another advantage of 
the present Invention Is that it occupies little space in a portable communication device. 
20. Therefore this device can be made smaller, which Is often desirable. 

It shouid b&^mphasized-thatthe^enn. "comprises/eomonsmg': when used in this 
specification Is taken to specify the presence of stated features, integers, steps or 
components, but does not preclude the presence or addition of one or more other features, 
25 integers, steps, components or groups thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

. The present Invention will now be described in more detail in relation to the enclosed 
30 drawings, In which: 

fig. 1 schematically shows a perspective view of a clam shell phone according to the 
present invention in a foided position, 

fig. 2 schematically shows a perspective view of the clam shell phone according to the 
35 present Invention In a position when It Is opened by approximately 135 degrees, 
fig. 3 schematically shows a perspective view of the clam shell phone according to the 
present invention In a position when it Is opened by approximately 315 degrees, 
. fi9. 4 schematically shows an exploded perspective view of the dam shell phone according 
to the present Invention In a position when It Is opened by approximately 135 degrees, 
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flg. 9 schemat.ca.ly shows a side view of the clam shell phone accord.no to a first variation 
of the present invention when it is in the folded position, 

fig. 6 schematically shows a side view of the clam shell phone according to the first 
variation of the present Invention when It Is opened by approximately 360 degrees, 
S fig. 7 schematically shows a side view of the clam shell phone according to a second 
variation of the present invention when it is in the folded position, 
fig. 8 schematically shows a side view of a dam sheii phone according to the second 
variation of the present invention when it Is opened by approximately 360 degrees, 

in T if IT 9 PerSPeC0Ve V,BW ° f 9 P * t * i h ' n9e securi "9 mecna ™<" m the ciam 
lu shell phone, 

fig. 10 shows a top view of the hinge used in the ciam shell phone 

fig. 11 schematically shows a perspective view of a variation of the ciam shell phone when 

it Is opened by 180 degrees, and 

fig. 12 schematically shows a perspective view of the variation of the clam shell phone 
15 when It is opened by 360 degrees. 

DETAILED DESCRIPTION OF EMBODIMENTS 

The present Invention relates to a portable electronic device comprising two parts and in a 
20 first embodiment of the present invention two halves with electronics in each part, where it 
might be of interest to rotate the two halves in relation to each other. In the following the 
invention will be descnbed In relation to a cellular phone. It should however be realised 
that this is just one type of device In which the Invention can be implemented, it can Just 
as well be provided In other types of portable electronic devices such as a lap top 
25 computer, a palm top computer, an e.ectronic organizer, a smartphone. a communicator, a 
calculator or a gaming machine. 

. ' Fig. i shows a perspective view of the phone 10 according to the invention. The phone 
includes a first half 12 which Is provided with a top and bottom 20 side and an interior side 

30 and exterior side. The top and bottom sides are placed on opposite sides of each other as 
are the interior and exterior sides. The top end bottom sides are essentially provided at 
right angles to the Interior and exterior sides. In the view the top, interior and exterior 
sides cannot be seen. The phone 10 also Includes a second half 14 also having an extenor 

• 16 and interior side as well as a top and bottom 18 sW e. The top and bottom sides are 

35 placed on opposite sides of each other, as are the Interior and exterior sides. The top and 
bottom sides are essentially provided at right angles to the interior and exterior sides. In 
this view the top and Interior sides cannot be seen. The bottom sides 18, 20 of the two 
haives 12, 14 are hingedly coupled to each other. In this view the phone is in a folded 
position, which means that the two Interior s ,des are facing each other. Both the bottom 
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sides have a rounded shape, which here Is sem.circular. The phone halves are Joined 
together at these bottom sides end one half can be rotated in relation to the other. When 
the phone is In the folded position, units Ilka keypads, display and camera, which are 
normally provided on the interior sides are protected from damage. Displays are often 
5 expensive and relatively vulnerable units, why this Is of great advantage. 

Fig. 2 shows another perspective view of the phone in fig. 1. Here one half has been 
rotated with approximately 135 degrees In relation to the other half In order to open the 
phone. From this figure It can be seen that the first half 12 includes a keypad 26 on it's 
XO interior side 24 and that the second half 14 has a display 28 on ifs interior side 22, which 
display is a touch screen'. When the phone has been rotated Into this position. It can be 
used for making telephone calls as well as to enter Information via the keys on the keypad 
which entries can be viewed on the display. It is however not suitable for entering data 
Into the phone via the touch screen, since then the phone might tip over. 

is 

One half of the phone can be rotated with about 360 degrees In relation to the other half 
In order to show this fig. 3 shows a perspective view of the phone when one half has been 
rotated 245 degrees jn relation to the other half, when this is done the interior sides are 
both made to face outwardly, while the exterior sides will face each other Inwardly. This Is 
20 done such that the phone can be used in a better way. When using the touch screen for 
entering data Into the phone, It Is much easier to do this if the halves have been rotated 
by 350 degrees so that the two exterior sides face each other. The phone is then much 
easier to hold In the hand and more stable than the phone would be If It was opened like in 
"fig. 2. 

25 

Fig. 4 shows an exploded perspective view of the phone in the position where one half is 
rotated with 135 degrees In relahon to the other half. Between the two halves there are 
provided two sets of flexible electrical conductors 32 and 34 in the form of two strips of 
flex Alms 32 and 34 on which the conductors are provided. The conductors are insulated 

30 This is normally done by moulding the film in a silicon matenal. Both the flex films are to 
be connected to the exterior side of the first part and to the interior side 22 of the second 
part such that they go round the exterior of the bottom side of the first part when the 
Phone is folded. The phone also Includes two hinges 36 allowing rotation of one half with 
approximately 360 degrees in relation to the other half. The hinges 36 are In the form of 

35 two plates having two sections each providing an axis of rotation for the device. In this 
device the sections are formed as two interconnected drcles of equal radius. The hinges 
. are adapted to be placed in silts in the first and second parts. The phone Is furthermore 
provided with two gear wheels 38 P rov,ded In the bottom side of the second part, which 
wheels are arranged to mesh with corresponding gaps 40 provided in the first part. These 



gear wheels 3S make the rotation of one part ,n re.at.on to the other more stable. They 

7^ ^ rotat '° n ° f 3 ha ' f r ° Und °" e be m ** ^^"eous.y w.th the ^on 
of the other half round the other axis and thus provides a smoother folding and un^ng 
oper^on. The figure also shows an ima 9 e captioning unit ,n the form of a digita, m^ 
17 ? V,S ' 0n h m T SeC ° nd ^ " 3 *** ° f thB Wn9e -mera 42 here 

flexible electncel inductors are provided separately from the hinge structure. The film , s 

«Z77'7 T T ntta,,V ^ ri9ht an9,6S 10 016 b0tt ° m SidSS * - ^ive, Bed e 

in ° k, ^ faUltV fleX ' b,e ""*«*"* h^lng to 

10 disassemble the hinge mechanism. 

in order to better understand how tte set of flexible electrica. conductors are provided 
reference «s now being made to fig. 5 and 6, which show two side views of the phone when 
m folded position (fig. 5) and when one half of the phone has been rotated appLimal 

!5 360 degrees to relation to the other half (fig. 6 ). When the phone »s foided the fl^mt 
as was mentioned eanier, In one end connected to the exterior sid e 30 of the first pa^ 
tothelnterlor s,de22 of ^ second part. Because of this the flex film runs round the 
bottom end 20 of the first part, when In this position. It is preferred to provide the L 
firm against th.s part In this position. The bottom end is preferably provided with a track 

20 for receiving the flex film. When the second part Is rotated wim about 3*0 degrees I 
relation to the first part for providing the Interior side 24 of the first part and the Interior 

!t ! S6C ° nd ^ * ^ ° MtWard,y ' the fl6X mm 32 ,s move < » ^ now runs 
round t e bottom end IB of the second part. The second part Is preferably provided wKh a 
. groove for receiving the flex film. As can thus be seen the flex fi.m will not be subjected to 

BfM ' tore » 0n0rtoa "^-^whenb e ,ngrotat e d,whL 
relieves a tot of the stress on the film that wouid othenvise be the result if the halves are 
be,ng rotatod by dose to 360 degrees. With the rotation the flex film ,s thus made to move 
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on or JTJT ' W6re 10 ^ ab0 - d —^ way. As an aiternatlve 

one or both of *em can be mounted ,n the opposite way, which is shown In fig.-7 and a, .. 
wh.ch figures show a side view of the two phone halves when folded (fig. 7) and when 
rotated by approximate* 360 degrees (fig. s, The Qlfferene3 here ^ ^ n&( ^ ^ 
35 ,s at one end connected to the Interior s,de 24 of the first part and at its other end 0 the 

18 of the second part when folded. When one part is rotated by approx Iniate «y 360 
degrees In relation to the other part, the flex film 32 thus moves such that It goes round 
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the bottom and 20 of the first part Instead. This solution therefore provides the same 
results as the first solution. 

The phone described does not need to have two flex films. It can be provided with only 
5 one, which can be mounted as in fig. 5 and 6 or as in fig. 7 and 8. In this case it is 
• preferable to have one gear wheel for providing a more stable rotation. As an alternative 
the phone can have two flex films, one mounted as described in fig. 5 and 6 and one 
mounted as described In fig. 7 and 8. When this latter solution is used, a gear will not be 
necessary in order to obtain stable rotation, but this is accomplished by the two flex films 
10. instead. It Is of course also possible to have more flex films provided in the same way as 
described above. The gear does also not have to be provided as a separate wheel, but can 
be realised through stamping the gears into the plastic used tor the casing of the half. The 
corresponding gaps can be provided in the same manner. There are also other vanations 
possible. For. Instance the flexible electrical conductors do not have to be provided In the 
IS form of flex films, but can be In the form of cables or cords. Another possibility is to 

provide them in the form of insulated conducting polymers. It is furthermore not necessary 
to be able to rotate one half with the fun approximately 360 degrees in relation to the 
other part to benefit from limited stress by the connection of the set of flexible conductors 
according to the invention, but smaller angles are also possible. 

20 

The described structure has several .advantages. One is that undue stress on the set of 
flexible electrical conductors Is limited because the flex film will not be bended or drawn in 
a dangerous way. The structure therefore avoids the breaking of the conductors. It Is 
furthermore easier to replace a faulty set of flexible electrical conductors, since It is not 
25 provided within the hinge structure. The electrical conductors furthermore occupy less 
space In the portable electronic device than known conductors. 

The hinge structure and the way it Is secured in a half of the phone will now be described 
with reference to fig. 9 and 10, where fig. 9 shows a perspective view of half 45 of a 

30 securing mechanism and fig. 10 a top view of the hinge 36. The securing mechanism 
Includes a slit 43 on both sides of which Is provided a cavity 44 formed after the shape of 
the protrusion and Is In this case has a hollow tubular shape. The slit 43 Is provided at a 
bottom side of a half of the phone. In fig. 9 the lower half of a slit 43 is shown and the 
lower half of the corresponding cavities 44, In order to provide fastening of the hinge a 

35 corresponding upper half is provided on top of the half shown for providing the total hinge 
securing mechanism. The hinge 36 Is in the form of a plate having two circular sections, 
. where a protrusion 46 is provided on each side of a circular section and in the middle of 
such a section for defining an axis of rotation. The protrusions have tubular shape. As 
stated earlier the protrusion 46 associated with one circular section therefore provides one 
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axis of rotation to be used by one half, while the protrusion associated with the other 
circular section provides another axis of rotation to be used by the other half. The 
protrusions of one section are to be provided in the cavity 44 of the securing mechanism of 
one half such that one circular section of the hinge is running in the slit 40 of the securing 
5 mechanism. The other circular section will be provided in a similar securing mechanism of 
the other half. The distance between the two axis of rotation and the positions of the 
cavities in the different halves are selected such that the bottom ends of the two halves 
touch or almost touch. Co-rotation round the two axis with the same angle is then also 
provided by the gears and corresponding gaps or the two sets of flexible conductors having 
10 opposite connection to each other. 

With this structure rotation of the two parts up to approximately 360 degree Is easily 
. achieved. 

15 Finally one major application of the present invention will be described in relation to fig. U 
and 12 showing another embodiment of the present Invention in perspective views. Here 
the camera Is not provided in the hinge area, i.e. at the bottom side of a half of the phone, 
but is rather provided inside the first half 12 such that the lens 48 thereof is visible on the' 
interior side 24 of the first part 12. When the phone Is opened such that one part is rotated 

20 by approximately 180 degrees in relation to the other part, the display 28 provided on the 
interior side 22 of the second part 14 is provided side by side with the interior side of the 
.first part. When the phone Is in this position, it is possible to use for video conferencing 
such that the camera cakes video shots of the user of the phone for sending to another 
party with which the user is communicating and the display shows video shots of the other 

25 party. Upon rotating a half to a position where It Is rotated with approximately 360 

degrees in relation to the other part, the two exterior sides are now feeing each other, and 
the two interior sides are now both outwardly directed. Now the phone can be used as a 

• : camera in order to for instance take still pictures, where the display acts as a vlewfinder. 

30 The above-described embodiment thus results in a device that can be used both as a video 
conferencing device and as a regular camera by simply doing the appropriate rotation of 
the two parts in relation to each other. Naturally it can also be used as video camera In the 
position shown In fig. 12 as well as be used with still pictures in the scenario of fig. u. 
This solution enables the use of the existing camera and display in two different 

35 applications without the user having to get extra modules or plug-In devices for obtaining 
the same results. It Is furthermore not necessary to allow full rotation to approximately 
360 degrees In order to be able to have this dual use. More than 180 degrees is necessary, 
though. It can for Instance also work when being able to rotate with at least 270 degrees. ' 
The preferred possible rotation is however by the full approximately 360 degrees. 
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In order to be able to stop the rotation at some wanted positions for example at 135 
degrees or 180 degrees, the bottom ends can be provided with locking devices which locks 
• the halves of the phone In the desired positions. Suitable unlocking devices can also unlock 
5 these locking poslttons. Such locking and unlocking devices are well known within the art 
and will therefore not be further described. 

There are more ways in which the Invention can be varied. It is for instance possible to 
provide more parts, which can be rotatable round any of the two described halves. 
10 Therefore the Invention is only to be limited by the accompanying claims. 
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ABSTRACT 



The present Invention Is directed towards a portable electronic device comprise a first 
part including electrical circuits and having an exterior side, an Interior side (24), and a 
bottom side, a second part also Including electrical circuits and also having an exterior 
side, an Interior side (22) and a bottom side, at least one hinge (36) connecting the 
bottom sides of the first and second parts to each other and allowing rotation of one part 
in relation to the other, and at least one first set (32) of flexible electrical conductors 
connected to the first part at the exterior side adjacent the bottom side thereof and to the 
second part at the Interior side (22) adjacent the bottom side thereof. The first part can 
also comprise a camera having a lens on the Interior side and the second part can 
comprise a display (28) provided on the interior side. 
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